
'ASD-A136 314 PREPARATION OF A PROFIED FIMOF DIAMOND-LIK CARBON I/f
( SCOTLAND) J S ORR NOV 83 EOARD-TN 84-05

USCLASSIFES F48620 83-C V 12 F/ 20/12 N

U IEEE~E
*flV4



l~~ll 1.0;6~
liii,- SM 13

1.25 =-

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU 0F STANDARDS 163-A



REPORT DOCUMENTATION PAGE READ INSTRUCTIONSBEFORE COMPLETING FORM

1. Report Number 2. Govt Accession No. 3. Recipient's Catalog Number
EOARD TR-84-05

4. Title (and Subtitle) 5. Type of Report & Period Covered

Preparation of a Profiled Film of Diamond-. Final Scientific Report
Like Carbon on Germanium Substrates 1 June to 9 August 1983

6. Performing Org. Report Number

7. Author(s) 8. Contract or Grant Number
J. S. Orr F49620-83-C-0112

9. Performing Organization Name and Address 10. Program Element, Project, Task

Barr & Stroud Ltd. Area & Work Unit Numbers

Caxton Street 61102F
Anniesland 2301/Dl
Glasgow G13 1HZ, UK Work Unit Serial No. 163

11. Controlling Office Name and Address 12. Report Date
November 1983 '

European Office of Aerospace Research
and Development/LSP 13._NumberofPages_-7

Box 14, FPO New York 09510 13. Nuber of Pages 12

14. Monitoring Agency Name and Address- 15.I-

I - --

16. & 17. Distribution Statement

Approved for public -release; distribution unlimited.

18. Supplementary Notes

19. Key Words HARD COATINGS ENVIRONMENTALLY DURABLE COATINGS

PROTECTIVE COATINGS HARD CARBON COATINGS THIN FILMS

20. Abstract

The obje ctive of this contract was to prepare a profiled film of
the Barr and Stroud diamond-like carbon coatings on germanium substrates.
This report describes the techniques used to prepare the films and the
results of optical measurements. The samples have been supplied to the US
Government for further optical and environmental analysis. ---

FORM 1473

_!. . . . . . .. . . ,.-= ., - - :_,.-- ,- -- .. .. ...



PREPARATION OF A PROFILED FILM OF

* DIAMOND-LIKE CARBON ON GERMANIUM SUBSTRATES

S

Report of Results for USAF Contract F49620-83-C-Oll2DEF
S

Compiled by: J.S. Orr

Approved by: B.C. Monachan, Project Leader
A.J.N. Hope, Project Manager

Accession For

* r DTIC TAB Q
Unannounced ]

00 . u s t i f i t e o n , ,

Distribution/

Availability Codes
Avail -and/or-

NOVEMBER 1983 Dist Special

BARR AND STROUD LIMITED

Reogetnred Office London Office

Caxton Street Maese House
Anniueland 4-6 Savile Row
GLASGOW G13 1HZ LONDON WlX 1AF



-2-

1. SUMMWARY

The objective of this contract was to prepare a profiled film of

the Barr and Stroud diamond-like carbon coating on five germanium

substrates. The profile of the film was to be in accordance with

Figure 1 and the substrates coated on one face. The specification

of the substrates used is listed in Table 1.

This report describes the techniques used to prepare the films and

the results of optical measurements on the samples.

2. DEPOSITION TECHNIQUE

A masking technique was developed specifically to prepare profiled

films for this contract. The construction of the mask is illustrated

in Figure 2. The mask was cut f rom 3/10of'" thick molybdenum sheet

using a spark erosion technique to avoid any sharp edges which could

damage the substrate surface. The mask could slide in a groove

machined in an aluminium holder and was retained in position by

two thin aluminium strips. In the middle of the electrode was a

hole for the substrate. Shims of molybdenum were used to adjust

the height of the substrate so that its upper surface was level with

the lower surface of the mask. The complete structure was firmly

bolted to the RF electrode of a sputtering unit. The position of

the maks was adjusted from outside the vacuum system with a linear

S motion vacuum feedthrough acting via an insulated rod against a

bracket on the mask.

The deposition technique and conditions for the coating are proprietary

* to Barr and Stroud and confidential. The thickness of the films was

controlled by measuring the time of the deposition while keeping the

deposition conditions constant (e.g. pressure, gas flow rate, RF power,

bias voltage, etc). A series of tests was performed to obtain a

* calibration curve of thickness against time.
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Each substrate was cleaned by hand using an optical handkerchief

and iso-propyl alcohol. In addition the substrates were cleaned

for about 15 minutes using an argon discharge with the mask in the

position which exposed the complete substrate. Immediataly after

the argon discharge clean the mask was moved to its second position

where all but the area to be uncoated was exposed and X/4 of the

coating was deposited (X = 3.8pm). The mask was then moved about

3/" and a further /4 deposited. This was repeated a further two

times. In order to ensure good adhesion of the coating and

consistent deposition rates, the discharge was not interrupted

from the start of the argon clean to the completion of the coating.

3. RESULTS OF MEASUREMENTS

Witness pieces were subjected to a number of durability tests and

the results are summarised in Table 2.

The transmission of each step of every sample was measured using a

Fourier Transform Infra-red Spectrometer. The transmission of a

typical sample is illustrated in Figures 3, 4, 5 and 6. The

estimated optical thickness for each sample is summarised in Table 3

along with the target values.

4. CONCLUSION

Five germanium substrates have been successfully coated with a

profiled film of diamond-like carbon to the requested specification

within experimental limits.

JSO/LP
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SPECIFICATION FOR SUBSTRATES

1) Diameter 1.521" + 0,0001,

2) Thickness 0,25 - 0,37511

3) Flatness 2 fringes visible or better

4) Parallelism 30 sec of arc or better

TABLE 1



RESULTS OF DURABILITY TESTS ON WITNESS PIECES

Relevant Witness Piece 1 Witness Piece 2
Tet Specification (Optical thickness (Optical thickness

X/4 where X -3.2pm) X/4 where X =15.9pm)

Abrasion MIL-C-675A
para 4.6.11 pass pass

Adhesion MIL-M-13508B pass passpars 4,4,6

Salt Solution IL-C-675A pass passpara 4,6,8

Wiper Action (see below) pass pass

Wiper Action: Coatings subjected to 10,000 wipes with a windscreen blpAe
loaded to 20 grams and operating with a sand/water mixture
to DEF STAN 07-55 Type C without measurable deterioration.

TABLE 2

€i
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ESTIMATED OPTICAL THICKNESS OF EACH STEP

Optical thickness in A/4
where X= 3.8m

Step 1 Step 2 Step 3 Step 4

Target 1.00 2.00 3.00 4.00
Values

Sample 1 1.16 2.21 3.16 4.21

Sample 2 1.11 2.13 3.03 3.84

Sample 3 1.11 2.03 3.03 3.89

Sample 4 1.08 2,08 3,03 4.00
S

Sample 5 1.24 2.13 3.05 3.95

T

TABLE 3
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